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., I.. Statu_ Summary '_ ' ,' , ,
, f,

_"A,. Introduct_ion ' :i.

" "o - J _

[ , This fs the third quarterly report covering work during the reporting Period
December Z8, 196Ztl_roug,h March Z8, 1,963 on Contract NAS-_5-Z860/ which

: was awarded toThe Electric Storage,,Battery Company bY the Nationa.1; Aero '_ "
.: ngutics and Space Administration, Goddard Space FIight- Center, on June 28,.

J

- 196Z _ ' " ", % : 2'
• ,_c ,

L

'_ B. Previous Results _, '

:' In our-prev,ioustreport (ESB Report No. "705_t, 2.) we compare'd fhe effects of ,,
:-- _'_' S "_i'D.can:... _. aerobic and anaerobic hy.dro,lysi . ,. alkaline environment on the degree O

." ,, . of polymerlzation_.(DP) of cellulose,_':. In:(an aerobic medium, the degree of "" ._
.... " polzm'erization,of cellulose vs, ttn:e-T01iowed.an irregular up and down _ -',

J.

'- _atterfi. In an anaerobic medium', t_e degree of:polymerizatioh f011owed'a

" regular downward,tren_d. _ It, was conci'uded ,that oxidation caused the irregular _ --
,trend and that it was the more important of the two reac{ions, In order to ' q

.... observe l_ow far reaching the oxidative effect was/we decided to measure the.,
.. tensfl:e, strength of-cellulose hydrolysed in an anaerobic medium, ,,andto corn-

; pare the results with previous tensile measurements of cellulose'hydrolysed

_, in ar_erobic medigm. ',. _ : : ,, -

H': .Work.Acco-mplished Dur_he ReDorting Period _

This report present_ tensile strength measurements of various membranes as wejl "'3

I! 'ods_experimentaloxidationstudies'made dur{ng,_tb.ereportingperiod. "

. A. Tensile Strength Of Modified' Cellulose ,, , ,," , ,'

' ': T_ensile,,strength ' or fhe break4ng strength per. unit cross sectjlon of a mater-

:, tal, serves as-an indicatibn of the siructural, attributes of the material. , Dur- "

,, _ in g chemical t,reatr_ent of a material, an alteration whic_ would affect the,_ structure of the molecule would'in turn affect the tensile strength._ Since -'
cellulose is chemica-lly"altered,duitng hydrol,ysts and oxidation tm]sile• # '_ .X

measurements should indicate modifications taking place'in {,he structure

,>

o,. u " ,

i
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"" of t_e mblect, le, We measl;'i-edo"therefore: the tensile strength oJ_cellu-- O

• lose: which_ bad t_nderg-,pe alkaline byd'r_lysis Jn an anaerobic medium,
>." -iq order io ascertain +.be exter:t .'Jf chemical modification. -.
/

.. 1 o Pro__.d,:re ,, " :
¢ ff ,, -

.'4" "

• _ _, Cellophane sarn"p, teq. 3__n by 3 in.. were' cut ,.on an Ae.curate Steel Ru.le .,- , 1 "

_ ._, ,die_ These..<amp.les were placed in one'.cbmpailment of a_double tube,.,, , u

; l'blrtv millii.ite_:s nf 40% KOH _)ere poured into t-r'.e otoer c,?mpartment
_"> _ .of 1.he..tube. The t'.,bes were frc_zen in liquid nitrogen, attachedt_ a -,

_. "_ degas s! rig apparat'Jh. "a_:d .saaied off.ur, dervacu0m. Th]e frozen KOH
,: ':'wa_ melted'ant1 th.en i,>was po,:red'i,,:._o the compartment of the i.,,be

"" c" >ntaini'ng th"e ceil:-,pbafie_ _ r_-.ett:.b_a W-ere. _:laced in a constant torap-., ,,
.. erature bath:for c]e:_ignaled time peripds, and then w_itbdrawn ' (Fb_,<:

° proc:ed!.:re la qiv.et_ in detail in the previous report.ESB Report N_, 705;_..2). '-'
"" The sample.s, wm'e was_'._c_ withwater, 10% acettc acid, and wateL- ,Tfi.e .-

tens41e s_rengtb, was n:i&asured wet ,on a Thw;ng-Albert TensileTestero"L,
)

2o Results- - "

+l;he f,,_l.l_c_wing,rablr, shows a cr)mpartson Of the tefisile-strength c)f ._ d/¢

' " cello.ol_ane s,,bjected l_n aerobic and anaorobic ,hydr,dlysi_ at 90fC in
40%KO 4o ' : -'",

' TABI I-] ] _ ,.....

Hydrblysis-of Cellophane in 2t0%_KOHat 90°C

Time J.n 14:)irs "_ ' Tensile. Strength in Pnunrl_

.. o Aerobic ,- Anaerob.ic

''., O. _, 11.8 , _, 11';8 '
" " " ,24 iti:a "7o7

w 0

a, _8 .,, ' 10,. I 7,4 ,,o

'_ 7Z '3.':4 ,. ,.,5;'8 ' -" ..
-' ')6 6., 5 _ ._ 5,.% - ,.

:, 1"20 3.7 _. 5.9 _,
'_ .... 1_t4.- 5oB 5, 6

i(;s. 5.8 -' " 4°5
' :" 19 2 :"4.1;_ 5° 2 ,, .- o, ..,

: ,,, . "_ ,, ,, Z,16 8,3 ,. 3,7 ', .., ."
240 .,8o,5- 4o,1 " ,

i
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_. The exclusion of air dur]ng_hydrol,ysis._has allowed'hydrolysis, to p_°o-
,:. ceed tn a normal manner evidenced by a regular lowering of<tensile

strength va]i'eSo Hydrol{Jsis in air reslllts tntensile,vahles which

_' fol.low an irregt:tar pa_tern due to the influence of oxygen on the re-- " '

o " ,, Figures 1 and 2, sb._,,v the combined patterns of degree of polymerization

I ._ ¢,
, '(from visc,os!,ty meast:reme_ts) and ten:sile _trength in aerobtc and an.- .

c aerobic media_ a
O o

Bo Wet a,nd Dry Streng_!b. Measurement of Membranes

?be. dry,._ a,nd wet tensi,]'_ strengths_ of some c,ommercially,: avat,,lgble separa}or ,,
._l material s Were.measured, - '

_' "_ 1. Procedure ,_"

sam-ple% of the-materials were cut if{to .3 in; by ,2 in. strips. Ten

samples we're measured d_y to give an average tensile value. _Ten'_ o, _ other sampl'es were, soaked in distilled/:vater for fifteel_ minu.te_, an-d "'
, _ ,tben tensi]_e lesis were made. The fneasureraents were made on a,Thwing-

"4 _ -

_1 Albert Tensile Tester,_M__odel--.J0_ PM.-24° The Width of the jaws was Z in.,, ,,. ,, and the, gage ]engtb 1 ino The,machirie speed was a,pproximately,.4 in,, :.
.,_ per minUleo ,,

U t; ,, ' (3Zo Resu]tq ') :
_J

<j

'1' ,, The folbwing table abo_ys the restfl_s of tl_e ten,_ile strength measure-., '" mi_nts on the various films e .-"

[ -
w ,

,z

,j

i
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.- TABLE 2'

,* Tensile Strength in Pounds ' _._--:

. Mate'rJal ,.D____ _ Wet _,_
" (1 C:

l'-, Cellqpbane PUDO-300 40- 12
-,2 Cello[Jhane PUDO--600 56 17

'" .3 Avi.sco Gel Film ". -, , 22 6

,, 4 Fibrojs Sausage Casing.-Avisco 102 48
• 5 - Silvere0 Sausage Casing.-Avisco 1104- _ . ,,u ,. 5'8 ',

6 Permion.,300 - PAl _ 21. ' _' 12 ,''_,

h, ? Permion 600 ..... RAI ,, _37 19 :, .,.,
') 8 Polypor WA ,. 97 _ 79

9.'. PMA 95/5 -- 3

l0 MIPOR 12CN 8 ,- '8 ,
11 .. MIPOR 13GN ,.. 5 " 5

1 2" MIPOR 34CN ., .9. _ 9
]3 .-MIPOR 34PN 16 16.

1;_" Cell6phane 1.11-1 DuPont _ 43 " 17
,x

15' Cellophane 111=.2 DuPont 48 16 . ,:.

For-the eellophai_es (1,2_ 3 i 14':"15) the wet strength is' approximately •.,
one-third that of the dry strength_ For.the _thei membranes, excluding

" the Mtpor films, the wet strength appears to be .one-half that of the dry "

'_ ' strength." -
o .... -'

.. The Aviseo silvered sausage casing tested dry, reached the value
"_' .of 1 !0 ]b_,_the maximum load registe)able on the machine, ._ The ,wet

tensile strength of the silvered fllm Was 58 l'b_. Since the w_t
strength 'valu'es are the .more imp'ortant from, a practical standpoint,

,, a good comparison (_f the material, stren,gth_-can still be made with, out
deviating from-a Standard sample size° The M-lp_t-membranes'exhibfted " -- "

an identica] dry and wet. tensile strength, ,These membranes w_.roe not
readily wet.table. To increasetheir wettability, the Mipors were soak.-

., ' - ,' ed i-n alcohol and,then' in distilled water_ However, there still appeared

-, . _ no difference between dry and wet strength. Cellophane lll-i and 111.-2

° .were experimen}al films submitted' by duPont as ht_h.-molebular .weight .
, Ce:Llophaneso'"- _--

i " -_ . -4 ....
• d "- •

, v -_\
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_ C. Oxidation Tests ,._'

" '" Oxidation,resistance wa'_ stu&ed uSing'three oxidant's:. 'Sodiitm,'hypo- " ,,

, - chlorite, gaseous oxyge.n) and.potassium permanganate. The potassium ',,

permang'anate method wag' as_ess'ed to'be the most__useful=method, be-
/ ' .,t,cause all membra_nes co,rid be donveniently' tested .in. 4' and. ,reproduqible,. . '"'

•, ' results'could be obtained inca short-, time peri'od I. ""' .: ,,,

i o Sodium H2oochlorlte Method ,, : :" - ,,

! •- -o Sodium hypo'chl.oiite was reposed as an idea[ oxidizing agent.becauSe

,.' "it oxi'dized hor_ogeneously.-='oper'ating _ri an alkaline me,diUm. 'Ho',wever:.the hypbct_lorite ._oluti-"on presented, in tabil_ty problems w_hich "_e_were

_" ne_er really able to control. ,,,, o .o . ,.,

We tried to dilute the NaOC1 solution usfn 9._0%;KOH in dilutions of .• 2'500 parts KOH solution/1 part NaOG1 solution.,. Even, wi{h thi's larg'e '_

amount, of alkali present, the solution wasnot stable, as shown by . ."

I analysis of t-he solution off a day-toyda-y basis.. The reductiofl of the,. hypoohlorite_ did not fc)ll_ow a regular rate and so' it, was impossible tO. '
establ-ish a uniform rate for the spontaneous decomposition of the hypo- ._ '.

i chiC)rite s o]ut,on'. We thus decided to, discard the.hypochloritem_thod.,.

E Z. Gaseo'us Oxyge est" - /

nj ,, / ,
Our next 'attempt to develop an oxidation test was by bubbling oxy_jen

throughan alkaline solution contain_ng,_the sample to be oxid{zed. .2_ _.

I .This method-is Useful with,the cellulosic materials, but ,requires ,'_ excessive time for 'flioreinert separafofs_o ,," :_,'.
' , '• , , ', "\,

, ,",

• _io Procedure _. _ ' ', _.
'- , ,

,,, _' sampl-es of cellophane 8 in. by 4 in. 300 PUDO'were placed in,,';'a \,

I ...... gas washing bottle, tall form, with a fritted'disc. They were then "\< _ J: covered with 400 ml Of 40%_KOH ,'. . Oxygen ga_ flowed into. the ".),_ \

o bottle'at a.constant, rate Of 14 cc/min regulated b_('_a flowmeter I.

I o " -_. attached',to the,:tank. The tests were run at 25_C and 59°C for, "': . "

i

1964010716-009
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.. various lengths of tim'e..,A,ter,removal from the bottle, the _

:,. ,, _, .,cellophane sample's were washed with water, 'a'cetic acid, .-

"" 'water, 'and dried. Solution v.fscosity tests were run to deter-,.

.. mine the degree of po].y'merizati.on (DP) of the cellophane..

_" b, Results -"

", c, b o

: ' "_ The d_ta obtained from the sampl_.s run at Z5°C showed t,he ....

=_ _ same Up and down pattern of DP measurements, that was r.e-" ,,

.. "' ,,., "ported previously ' A-t 50°C a regular curve was obtained' over.

_' a three day perio,.d a's shown in {he following table,. _ ,,

- _ % .

, _ TABLE' 3_ °,, ', /'

.¢, , J

Cellophane-Hydrolysis with Gaseous Ox,ygen --' "
" in. 40% KOH at 50°C " _ -_

q t

' "; Time in Hours .... Degree of_Polymerization

, v

0 _" ' 533 '" ,, "

,, I -,- ,, 52,6
['

. .. 16 "' 511 - -'
'4' .

24 439 " '

399 -'48
aj ,,-

," 73 ,, '_ 372
,j )

_,':, : According to the work done Previous ly , ..the change in th e .d._gree ,

" of/polymerization of cell-ophane in an alkaline envirc}nmentfn the

presence of oxygen ,exhibited an irregular par'tern.. However, the "

., ". results obtained b'y bubb!tng oxygen through KOH at 50°C follow _,
a regular downward trend. In addition 'to the regular trend, the

degree of polymerization values are also much lower than any ",
' i

" ropt, rted,for anaerobic conditions at 90_C a_fter ten'_days, ,and _,

{or ae?oblc cpndi.tions at 60_C after three days. A comparison, " ",

...... 'of the resul.ts obtained l.n the aerobic hydroiy, sis experifnents,
and those in Which 'oxygen was bubbled throqgh the solution_

u

fndicate that oxygen availabt.lity is the oOntrolling factor in the ,,
,, viscosity curves offered, ./',....

b

,) _ u ', , '
i
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3, Potassiudi .P.erm--ncjanate Yest " '
,- "rE

• -. Since the hypgchl_rite method was found unsuit&ble'.'.- some other
" _" ' method was-neededto assess the oxidation resistance. A :method.

.._ using -potas si:_m Dermange.nate. f_r testing alkaline _battery separator's

was avai!able,/and wagadopted to the current.work-, The. extent of . ":-%,
: -- oxidati_n was _Oeasured by weight !5SSo

..', a. Procedure " . -" _ _ "

| " ....,\ :'The material was drie_J, foLtw5 hours at 80°C. A' weighed sample:
" ;. of approxirnate!v one gram ofthe drie, d sample was placed in a 600 -

- "',- m'l ]_eaRer cofltaini'ng 2.50 ml 5,% KMn'O 4 and 50 ml 25% NaOH; -'The
"_ ' weig.hed sample was-forced under the surface, of tl_e solution by,.

"- _. '. means of:,a glass rod. "-.The beaker was place_, for one hour, in-a .
*> '\ c ' 9-

" '_ '\,i ..... constant temperature bath ,at .50cCo When the .treatment was finish _-
" \i ": _. ed/ the contents of. the. beaker were washed with distilled water :_"
'-" i, unt.fl the disappearance of-the red C.olor. One. hundred ml of, a'5%

_ .-. _, oxalic acid solution-; slightly acidified wi{h H:zSO_(5 ml conc.'_ ,_ HzSO__.to-',i000 ml of 5%_ oxe.lic' acid), were"poured into the beaker,
,... :antithen heated.to 70°C, _ This process dissolved ar,,-manganese -:

• "' 9' "

" . • dioxide still adherent to the test piece. The sample vas washed

_. -. _ with didst'tiled g,_ater dntil the test. f0r oxalate was negative, Th'e, ,
/sample wa"s then_dried t_,_ c_nstant weight '" ..... ".... , , -, ,, ., . .The difference in

'_, ..,: weight between the orfginal and the final weigl-/t was recorded'as .._

.. a .percentage loss., . ,

- b° Resuits. - -

ecte.d n..... Several meinbranes were subJ to permanga ate oxtdat, ion at_d "

i [ " _ - .,, ,, the,. resu.lts, are rec0rded in the following table.,
- TABLE 4 , " -. '_,, '.. -

_o _ ' KMr/O 40xtda(J'6n,'for 1 ,hr at 50°C j ,, ,,o ,//

. Material . _j /' Percent Weight Loss "/
[ • ,,j o /

'a.,, MIPOR' 13CN .... ,00q"8' .,. -' /_MIPOR 34PN _ '" ':- '" "'

Polgpor WA , _ 7 _ i/
i '" _ " PMA 95/5 - "' 16 ", _, ,,/".

, Silvered Sausage ,Casing 31 .... ' ,.
.,_ Fibrous Sausac]e Casing J' 38 ./., 't

1964010716-011
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,. Ce_il_phane 6'00 PUDO was subjected to"the KMnO 4 treatment at ,_
.,, _, .room temperature for 1 ngur. The film crumbled upon removal

_(- from the beaker_ "me weigb.t loss was measured as greater than- c

{ort{z p_,bent, <

-'_ " "" ,, ,.. ,, Tb_is't_st ba__ given us reproductble results in a relatively short,:
:. period of time. " It can b,e used, with modifications_ on all films, e

• . ; o Other films will be subiected to thtS. rt_St H_.order to compare tb.eir ,, _
_ • ;i % <-- = ,,- relattve oxidative res_stance. = '_

O ,3 : - "_
. -), - 5 - _,

:" ilI:. _. Investigation o£Commerctal Separdtors -,

,.., ,,.In addition td tb.e twenty.- or, e separators listed in the preceding qi]ar[erly" rePort_ ,-
t

{he following separarr, r:_materials were..studiedE :. " _:- :.... -
2 i, t/ L' ".:

" 22_} Cellophane= 1 11- 1 ,:- ".... ' ,.

-- ., '23,. C el!ophane-,] l 1-- 2 '-'

': These are expertmentai cellopb_anes, /naele by E. I°'dupont de Nemours and ' /' :

"_ _ Co. They are.. presvrfiably .regenerated celluloseof higl;i molecular weighf_ ...._

o,. ' Neither mfitehal is'jnoc_mmercial prod.uctfon, _,' ,,- : ,_
O

..... -2'=t° Fibrous Sa,.tsage Casing (risking) ,._
O d, ,'

"' _ 251 Impreg.nated Cellophane :, . ."
- > _ .,. , < _ -

• '_Th.ts is" d}_Pont's cellophane PUDO-300..{identica] Wtth sample No, l), .im-
pre'gnafe_] with m-:pbenyie_edtam{;_e, 'as descrtbed i'n our Znd Qi_afterly -1/ _ : :

Report N,_. 705_,i2 (page 8io . ; ! , - . " ,, i .._- ,_

2.6. A¢.)'_por WA -- a weak.ac_fl:, acryl.tc ionexc.,h.ang e restn,jr_ade, _ by

o_ Gelman InstrumentCo, ,Prelip)inar,y,.tests haft .indi.cate_d_that it was suffi- ,,,,
' ctent.ly different from _,o.e Polypor WA.(,made " __ ' J ,.by.:Nt.-e-h_a.nd_r_so before trans-

f,er of operattons, to G_Iman) to warranr,a_ep-arate ._d_;

IU ' o

i
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-, A "Tests and Procedures
i ,.

[- These materials were subjected to the same tests as the ariginal samples,
i.e.

[. _ -,
-" 1, Electrolyte absorption and retention (at 26°C).

_: 2, Electrical resistafi'ce after different soaki._g,times. ;'

I.i ' _ -3. Electrical resistivity, after '.2.4 hours soaking. "-' -.

The procedures u_ed {_r t_e' lndlvldual tests have been described, in me Znd ---
C_ O a'_ iv

_u_..er_, Report _ : .. __.

In addition, the dii_ensional stability of all _samples after various soaking -,.
" time g', at tt_ree temperature .levels (roo m temPerature, -28°C and*90°C)

was invest_igated, ' The proqedurewas asCfollows: ;

samples 3 x 1 inches were used in the early Work; later,, the sample size, , :.
.... was .increased for _he sake of greater sensitivity in measuring_changes. The :

. samples wgre die cut by means of a steel_.rule die (Accurate Steel Rule Die .,

Manufacturers., New _;_rk), Changes fnlength and width were measuredwith. -'
: a stainless steel ruler; The thickness, before and after the tests, _was

measflred wittl a stainless steel ifidicating gaug e (Ames, Model 26Z), having

" [ a,,_oot 0. 500" in diameter and loaded at 5 oz/sqo _in°. The thickness of each
,_ .:sample was measured in several places and the.-results averaged_. -_ '_

' For testing at 90'°C , the samples were covered with 31q/o KOH in cylindrical "

.-., _.,. . stainless s}ee.1 p_ts.-2o 5 in, nigh and 3 in, diameter, equipped with tight-' .,.

",._ ..... " fitting stainless steel lids (t.o,minimize e_aporatio n and COz,absorption)',. The closed "pots were p!aced in an bven, control, led at 90 ,_'- l°C.

. The tests at the lower -temperatures were carried oqt.,in.plasti._ csntainers

11 (modified acrylic)which were-also equipped with lids. The samples which _
"i--:_ereto be tested at -28°C were placed in a refrige.':ator, mai,ltained at this

temperature, ,. ., ,, J
, ,_ O -, u , , -

B. Discussi0n c_f Results ..... "

_ Tests _esult..w-are summa.rized in Tables 5, through 10 " -_>_
"' ,_ ,_ -i_,'-_,

p

\' J _, q ,
i
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The dimensional chang_fimeasurements_vere 'carried oUt for four wdeks',

All=but:one of the n,aterialstested (a cellophane) survived the soaking

' at -_28°C for four weeks. Several cellophane samples we,e to_ much

deteriorated after :four weeks" in 31%o KOH at room temperature to-permit '
a reliable measurement of their thickfiess-._The remaining S_/mples, in- ,,

qluding sDme cell,_phanes: could still:be measured..:. - ,-
2]_ 2

'" •'None of., the n_aterials survived male tb.an H_.ree weeks• in KO.H at 90°C, . ' _"

.: The new experimental cellophanes"show slightly higher e-l_ctricalre-

sistivtties_tNan commerc-ial grade's but the difference's are very minor. _ . ,- _

B'oth exhibit silightly less swelling in'thick.hess blit both,, absorption and ,_ '

,, retention oi'the electrolyte are markedly lower than for commerciai grades2"

" The amii,e treatment also Caused a,substantial decrea[se-*inelectrolyte '

" " absorption and retention of a commercial cellophane (cf._Nos.. I and 25).

but it res_ulted in a moderate lowering of the electr{cal resistiv._ty which
C L ,, -."

was low tO begin with (from 8.45 to 7.8 ohm-cm). '

_ Visking Fib'rous Sausage Casing shows an absorption similar to the grades ,: o-
. tested before° While the retention appears somewhat lower, .,its resistivity

" is"s{ the same .order.,, :,
, L _ .,

,)

._ Absorption and retention values for Acropor WA were approximately 40% ,.:..,
; lower than for its predecessor, Polypor WAo At the same time; howe, ver, _

-, its electrical resistivity was also. substantially lower _(around 1 2 oh{u-cm

: ., forAcropor, against 20 for Poiypo_r). This brings its resistivity close to
that of Cellophane, ,.. . , . _,

" IV. Future-W, ork .... "'- - _ -

The remaining tests on the dimensional stabtlitsJ are under way and:willbe in = :,
91uded in the next quarterly repoiZt_ ' _ .... ,,t; ,,

' - , : .b ,.)o '_ '

Studies Oi the bxidatio_ resistance of current, ly available sep_ratprs are con- _

tfnuing and are to be extende.d to impregnated and m_dified materials._ ..

2 . . . "

i Modificati.ons of exist{r_g materials by s.ditable'impregnants, by crossliriking
: of,ce,llulose and by graft-polymertzation.,will be studied. ,, '..... .i

_, , 'o
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All equipment and materials for an investigation of si'lver io_ migration by.
means _f radioactive tracer techntqu:es have, been,received. These studies _ _,

t. ,, should be ,corntSlete d during the next re_)ortjng period_' : .,

Vo Literature Survey .., _;

t ' ' 0

The survey of the agail,ableliterature was, continued. New paten'_ .a_td t b.e ....• s "

_ oublished_l],terature were covered< as"well as,report-,s'tothe U.So G0vernme.ntal
., _gencies"- ' "-on work. d.qne'. '.....,de.r,"-_ contract by various orga.nizations_ - ._,

[ , Extensive work on the development o'f new separators was done at_1he Poly --_

technic Instit,<).t ) c:[ Brooklyn-during 195i-1957: 4:nder the direction of Drso.

_' ' Pc F; Bruins"an d H_ B,o Greg-or, Pnder contract witt_ th.e.ll,So ArmyS-ignal

" i: " "' Corps (Cnntracts No,, DA-,36-039SC5425 and DA-30-,039SC,_257"8)o [4 large "
.. .part 5f thi s effort was directed tm_ards, the devel opment of separators for ,silver:-

zinc batteries. Three main line.= of app%oach ,were followe@.':[ : ,.

C'

; '1°_ Modtfiqati.on ,of cellulose', -'_ '_

_, ,, 2,, "Palymeric f_lm_type membranes o . .... . j,,_ , o 3. Ion' exchange fe_tns, dispersed' in film-forming polymers. :_"......

_ 'One of the numerous experimental membranes developed, iq the course of this ....

_ [ work is tn commercta_l proauct]on. It i_5 made by di_p'ersing a'hydrophy]ic polY'mer, o
_' "e,go poly (vinyl alcohol) in a film-forming matrix sucg as Dyne] (a vinyl chJoride _.

i _, acryl6nt_:rile copoiymef)o ' I_ for.ms, the subject of U. S, Patent g, 884:,387 (see " ';" -,, .Znd.Quarterly "Repo, rt, pp, ] g and g5) and-is'presently manufactvred by Getman
... " < Instrument C0,. under the tradename "Acr_por': (prev%ouslv "p'qypor",,_ made-by

Ntemand Broa.') _' " _--- " -- ,.,H

All the wo[k at tbePolytec.'hn{c [fisti.tute.of Brooklyn, carried out between 1951. -

and ]957,,is.embodied in.'26 Quarterly Reports,to-,tb_b. Army Signal Corps: Parts • .,were also rep-orted"in the chemical literat,_?"e;:' an article by Shair, Bruins and ',.... "

Gregor(,1) described, the us_, of m.,:phefiylenediamtne: impregn,ated.o_ a rni.cro- ;

porous mernbr,ane, and eros,slinked by formaldehyde, ,Another paper (g) deals with,o separators ,made by"casting polymeric films w_ith- finely distrtbu.ted loft exch-ange

resins,, indi,vidual 'ph.a_es of .the, project ha've beenilthe subject of a 'nuh_ber of

theses" by students ,of the , "t}' _'
.... .l.n_tH_,,',_,te,

i
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o

-.,Other new separators: or novel forms of order separator material-s, were

-_,., _, describ(<d,_in the patent l'iterature_ A search of the patent literature produced
"' only two_'new U. S° patents In. addition; a numb_n of Japanese patents_describe2_ o

,,separato?s for the silver-zinc syst,_m. Some of these trea_d famil'i'ar ground but

-° others employ novel ,compoc, itions:- e. go mixtures of poly (vinyl alcobo!) with -_
.. , ,'- , poly {furfury.1-alcohol): poty (vinylpyridi.ne)or poly '!v!,nyl pyrrolidone), 'or co-

IJotymers. of vinyl alcohol with vinyl., pyridine or vinyl pyrrolidi_ne .... 'These_'addi _. "
"" tional patents are listed in the Appendix_ '
k" "

E'ValUation_ _f vartous combln_tLons of-previously koown separator materials:are .

_" descn.bed in ,several report_ to Governmental aaencies. These ,are principally"

_: the fell owing;-
=

-'' D¢lco-Remv Division of Geheral,,Motors Corpo , ,'_: ,
fl

ASD2TD R, Final Report . :,62-668 ,., t " .....

..... under Air FordeO,ontractUNo,. ' AF.33(600)-41600 (October -196z). :,

Missile Battery Division, Electric Storage Battery Company - " -
• O

\./ " < 2/

.... , Final Report E-6-.63

,_ under NASA Contract No£ NAS-.5-.1607 (Marcia. 2r-, 8)..

.--_ .Earl{er [._epor[s by the Eagle'.-Picb_er Co_ _nd 5_ .Cult_on Industries were.also con-'
suited. " ,,, _,_

,F ,

_ , I',it_ attire Re{_rences :,:,

.,. .v ._ l o, SbMr, .R. ,C.:-Bru.ips,. P, Fo, Gregor; H t P_, Iado Engo Chemo
-- .,48 L .381-5 (1956). _ o

, _ '- 2, Bi'eber, H. He-, :BIuins 3 I_, F, ,'Gregor, H. Po, .!nd,..Engo,' Chem., :
....o, " 50/lZ73-s (1958),. ,, . ,,

, iI ,

± q '_.

.i, ,0 _ ....

e \

[ : \ ',
"\ "' , v

% \. •

"_-C <

• x 0 _, '

_h

i
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VI.° APPENDIX

I "0

- S
(,

Patents Pertaining to Separators for Silver-Zinc Batteries

t ',, ; 5 ,

- :)

'' f' t ,'_ ' -', = O

_; ' " ,. U.S. _Patent.s -_ _,

: 3,049,578 - App!o 3/I 2/56, issued.;8/14/6Z - Eo Jonss0n._._So'U° -_alk..............:

; '" (to_A)/BJungner_ '_aCellophane bags/' " :.[ -
3/07it372- Apple 2/i7/60 issued 3/12/63- Do..Go Selfis (to-Unlon

" _. .'- Carbide C6_<} - Heat sealable separator made by'coating"

...._,,, " paper...witha mixture of paly (ethyl, e_e oxide) and reethyl '_ ,. "u

" cenuloseo ,_' : .... '

o Japahese Patents _ ',

- 3 ' .... _ , k ''__ 1470/5.9 - issued 3/18/59 .",T° Pukuda: 'S.-Odd (to,Matsushita Electro

- ind_ ) - Cellophane separator,, -treated in a hath containing
'" formic and hydrochlori¢,_acids (to_'improvealkali resi,_tance).

b
J

,,_1824/59 - , :Issued 4_6/59 - M_ Fukuda_ T. lwaki (to Matsushita-Electr°

. ,Ind.)Poly (vinyl alcohol.)Separator-_treated in a bath con--. , ,' taining'_Iorm,lcand sulfuric acids (to,improve chemibal resistance)
_ and sodiun__suHat_e '(to reduce elect'ri.o.re;sistanoe).,

- c,

_ z , , ; ,__"- 2764/59 - Issued 4/21/59. _'_S° 'Matsuno_ (toYuasa 'BatteryCOo ) Se_aratorsp_+- ,o
with i-mpr,oved resistance to alkali ' '_" _ ._

o dote _ ,. -- .,

),,

,': ,. a. Parchment paper, co d With a _.esin., " ' '_

., " o b, Filterpaper,_ impregnated with poly (vinyl,alcohol}_ :,.,

I _....'_ co Microporous rubber; impregnated with ethyl celhiloseo _,

-" 9069/60 - Issued 7/13/60 - Ko Osawa-(to Japo Storage Battery Co,) "- "Silver "

I - cell_pb.aDe"_ made by immersion in A.gNO_ Solution, then formaldehy_,e"_, • _ -treatment to re!_uce Ag-NO_ to colloidal_Ago

| '• ,_._.... - .... 13.-.
%, -.
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: 1.8658/60 - . Issued 12/26/60 - M. F,ukuda et al (tO Matsushfta Electro Ind£)

t _f Copalymers of viny[,a'lcbhol _' . " " " , '_
and unsaturatea alcohol in sheet

farm,- used as separators. _ ? ,_
t

18659/60 - -Issued 12/26/60 -M. Fukuda et al (to Matsushita, Electro Ind.) _

Mixture ofpoly (vilhyl alcohol) and furfuryl _alcohol, c.as t into
" !' " J '_ S

sheetse(su'_ported _r., unsupported) to form' separators. -'"
4

"> ,18660/60 .- Isghed 12/26/60 - Mo Fukuda_-et al_l_ai'sushita Electro Indo)" _"c.
Mixture of_;p'oly (vinyl alcohol) with-poly (vinyl, pyridine) or paly ,-

-_ ( yl lid )"_'_-:- -........ v! n pyrro one _, o

-- - .i,8661/60 - Issue"d 12/26/60 - M° Fukuda (to_Matsushita Electro Ind.) ,_

..... ginyl alcohol is c.opol.ymerized wtth"vinyl pyridine orviayl

,. o pyIrp, lidone o
W ' _q ""

" - O

[._ ,,

,'i q

0

2- L_, ,," ,,

,, 0 _ '

,v

5 o

r

r II ' Y., "'
i
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: ' VII. ,,Errata " "

_, Rei_;_rt 7054.1 (First Quarterly Report) :: ....
p. 6, last paragraph, 1. 4: ,,

hydroxyl 7g) ', -_ For: "o..in going from the group (1 to the

Carboxyl'_group (33g).., " _ _ _'

"_" ; '_ Read: "o..in going from the CHOH group (30g) to the

_ ,_ carboxyl group (45g)... "

<5 Report 7054.,3 (Second Quarterly Report) z,

'_ _, .... p., 1,5, last paragraPh , .1.1: ./._ _

3
' t:

For: "active!': read "above" .-',, .,'

[; ..... p. 18, .last.paragraph, 1.1: > "-,, gg _' ' '' r

,, For: ,,"mechanical" read "dimensional"

[ 2 h

p. 25_, 1.3 .... -- " '_

• L _ For: "4/28/50 .read "4/28/59'"

" o t,

_, , . ,

c ,:
• ,k_-

o

1
_ 15.....
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...... TABLE 5

Electrical Resistance _!Ohms),in 31°/o KOH at 26°C
'-- - After Different Soaking Times

-_I-Y 2......---_--_-_--:=_-_L,_ (Average, Values for 3 Samples Eac ,, "

_"j] ---=-_-'_--_-'"--;_ .... _2_ .... 5 min. 10-rain. 20 rain. 1 hr 24 hrs.Sample Not `.,/;Material _' --. . " " - '"
_ ,,)

,; ,,ZZ Cellophane lll-i (duPont)-: - - ' 0.087 ,0.084 0'.083 0.083 .;0.Jo76 ,'-

] ¢ 23 Cellophane 111-2 (duPont_ -.... , 0.093" 0.086 0.085 0.082 0,079
24 , Fibr_ Sausage Casing(Vigk{ng) - 0-.-166 , 0 156 0;"158' 0.154 0 172

._ Z15-, . Cel!opb._ne BUDO-_J-0_0) _impregn. *0o 084 0. 069 0_-o:7-i-_.... ,._0..,,068, 0.0'65
._ ...... Z6 " Acrop0r WA ,, 0 280 _ 0,2-6S_ -_TO 224 0,t-190>_0o 156

J

_, Electrical Resistance in .31% KOH at 26°G
T_ ,j

Sample "Material " Ro:, % Dev{a-Dry Thickness4W, et Thickness, % , R. p
No. ' . tion _ inxl,0_4,cmxl 0 inxi0_ 4 cmxl0-4Ghange 1

,_ 2- ,

27, Cel.lophane_lll-1 .0'76 , 3.9 12 ')0 2.9 :, 7_t +139 '."0'_11 ' 9. c,

23 Cel!ophane lll-g ,079 8.6 12- 30 30 :_;,, 76 ' +1,50 .0lZ I:0.C

'_- 24- ,Fibr, Saus., Casing ,:. 172 5, 2 41 ' i,0,4 80 203" o+'95 _0,26 8°-2

25 C'ellophane PUDO-300 .065 3.0 I0 25 32 81 _'+220 .010 7._

26 AcroporWA" , 0,156 2.3°3 41 "" i04 50 127 +2,Z .,023 ll.O
I[ -, ,/

". ,j

'_ Colmnn No. ' ".. ,- _1 2 3 • 4 5 _ 6' "7 8 9

" Iegefld: .... ' '"

,-Column 1: , R0 = Observed values (ohm_)_ -resistance after Z4,hrs. soaking in ,3!% kOH,

:' exposed area0 15 sq. in.,(averag-e e,_3•samples),- , _ '
Column,,Z; Average % deviation of the 3 samples of Co_u_4n 1.

o

Columns 5 "- --/

'_ " ° _q_ KoH-._ >,,' .and 6: o Thickness of separator after 7O'hO_rs soaking in 31_/£'_ --- --

Colu-n_i_7:- % change shows,,swelling (*) or shrfnkage (-) of separator thickh'es-s -
., " afte'r 70 hours soaking. '.... ,.

,, ,, Column 8: Ri =,Resistanc,_ (ohms for 1 ,sq. in.),,at actuaithiickness.
Columff9: p = Specific.Resistivity (ohms - era), _, ,, ,.

1964010716-020
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-, " TABLE 7
\

" Electrolyte--Absorptton and Retention at 26°C _ " ,

, u ,, .j

" t Sample Dry We'igh_ 'Thickness Volo. Absorption ,,: Retention
No. g._ams cm,.x 10 .4 cm3x 10g 4 '_ 'g g/cc _" g ° g/cc .'

Dry Wet Dry Wet '_

| " o'_ . _Z "0.1580 28 74 _108-- 882'___ 0.5560 5. Z " 0oZi51 2,o.Q, -

23 0 1531 38 76 147 _29_4 4.7 .......:--0o2854 i_9 '

.24 ....... 0 2894 "81 20'3 314 887 ' "---1..0i-44 3.2, 0/5578 '; 1.8

.... 25 ".0.0'85:9 19 "48 93 194 0.3521 3,8 0.2103 2.3
k',

,26 0.1061 48' 1ZZ 23,6 -'252 0.32,10 1.3 0,155'6 0.6 ,,

I

_" ---" '--L3-,-_ _,'

_ ,, Zj
/

I - 7"

,, -- % ,)
c, ,

Ci_ - .... U,

- -- _ _ . _ _ _ -" c ,' " -/" ¢

[ '
' "o ) "

13

|.,, '
.... ',5 / ; •/

-f7"---_

] •
o \&
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•TABLE 8 '

Dimensional changes iih 3i% KOH at -28oc j_--- ;........ _ .... :

r_ q '.

70 hours _ ':.
"-_ ,' ., Length Width Thickl_ess Le_igth WidthT.hickness:. .

1 " Celiopt_,ane., , PUDO-300 _: -5 4 10... *300 . -5 ,, 410., +.300 ,
2 ' Cellophane PuDo-600 0 4_!5 f440 '_ 0 4.15 + 360 _' " ,:

3 _-Ce,llophane 140-PUT 76' _, -5 + 15 '$:290 ,-5 +15, _ 280 _ _ .."
4 Cellophane (Avjsco ., -5 "+10 +300 -5 4,10 '+ 290 .- ', _.

5 C'ellophane (Avisco)':' 5 + 60 4 3_'65 + 15 455 .+ 370 ..i .7,

6 Cellophane (Avisco) 0 + 5 4- 240 0 0 Zz_0 '"'" :, z.-
_ ,7 Sausage, Casing (Avisco) + 10 + 60 4-350 4 10 ,-+65 , + _. 5 ,':

8 Fibr" _Saus.o Casing (Avisco) - !0' ,, 0 4 650 0 "O + 6'50 , _.
. , , -!

9 Silvered Saus. Casing. 0 : t- 40 4L4B0 0 4-45 - ].. ;
,10 ,. -Permiofl 300 "0 ._ ..+ 10 41'80 +5 410 + 170 I
11 +" Permion 600 -'0 + 5 ., #35 0 _5, + 10 ' [

12 AMP-ion C-60 ', 0 0, 4-10 0 0 + 10 _ ,
13, AMFion C-103 0 0 " -'_0 0 0 0 ..... _,

J o o ;;

14 Polypor ,WA ,__, 0" 0 t 5 0 .0 t 5 .:

15 , PMA/Polyethylene _Tests not complete.-, "-'
16 __-' PMA/Polyethylene Tests not' complete. ,,

47 PMA/Polyethylene- Tests not complet e.
18 Mipor lZCN 0 0 ' 0 0 0 0 ,+

19 Mipm I_3CN 0 0 45" ' 0 0 + 5

20 Mipor 340N 0 ..0 '0 0 0 ...... .0 ,,

21- Mipor 34PN ,,, 0 , 0 07, 0 0 --_0----'---
22" .Cellophane.lll-I ,.. ._ 0 + 20 4-240 0 +20- " +,.20'0

23 'Cellophane III-2 , , 0 4 20 *2,50 0 +20, ,+230

24, / Fibr. ,Sails. Casing (Visking) " , -90" 0 " _' "%300 " - 115 0- ,-+ 260 "2 ,: Cellophane PUD'O-300,1mpregnated with m-phenylenediamine - Tests not compie{eo

26- Acropor W - : ..' ,_ Tests not 'complete :,,.

':_.,, ',,' __-' - ,,', _;,[

Legend: 0 denotes less than 5% change. ' ,_, 1
de' I-* Test disc,0htinued due to sample terioi'ation_ :

,./ e

. , _ , ,f , k) l_

",,,

' " '. i
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TABLE 9 :. 2 ,
,. D

: ,. % Dimensional Changes in 31%KOH at 26°_C -

, t

"_ "10 h_urs : '.. 7 d s

• _ ,- . ,, _ _ Length .!_J_dth Thickness -.'Length. Widti_._ Thickness•. '

1 Cell ophane P'uDo- 300. ").-_f-_:5 ' '+5 +280 -5 _ +5 +200 '

2 ' Cellophaffe PiTDO-600 ,-_ 0 +5 +160 0: +5 ,.-.165

.3 ,,--Cellophane 140-'PUT ,716_ 0_- +5 +170 ; +5 ._*170 .!,

4 _.Cellophahe (Aviscb.)[_" -5 '_ +5 :.. ,+190 ,:--' '+5 +280 _ _i

'5 '-:. ' Cellophane (A,visco) .. 0- :. +10 +160 - 0 .' +10 ��[i'.
6 '_ .. :CePlopl_ane (_vfsco) 0 "'%5 +175- " d _ . 0 : ,190 " !.

') 7., " Sausage Casing (AVis.co)., 0 , +10 _,. +175 0 _10 _170 -i _
8 Fibr. Saus. Casing (Avisca) _ _:-5 _5 +170 -5 0 +180. ,

- • _ "/ +5 160 u

9 Silvered Saus_ Casing -5 -+5 +60 _ %5 _ + : 1_ [0_ Permion,.30ff -k '-'" .+ 5 +I0 +25 . /._5 ..'_ +i0.' _0 = [[_

c Ii Permion 600. _.. _'" :_ O' 0 +?,fi\,.. 0. b - 0 ./425 _
I_. AMFion C-60 ': 0 ' "0 +15_. 0 0 +I0 =- '.

1-3, _ AMPionC-10Y ":.. _-:0 0 - -5 0 .0 = -10: • i

.I4 Polypor% 'WA _' 0 0 . - 5 ..0 0 0 °'_
Jl IJ " ' _ _ ' <,

15 PMA/Po_yet.hylene . . .Tests not complete. _' = :

16 PMA,/Polyeth_'lene , _. • TestS' not _omp'lete. ': ,_ , " _ [
" 17 ,, PMA'/Polye{hYlene , ;,. _Tests bet cqmpl-ete...: =

0 0 0 0 0 0 ._

.. 18 Mipor 12CN :_ ;' = " _: _ t

19 Mipor 13CN _ -- _ 0 " 0 0 0 0 0 1

20.' _ Mipor'34CN _° =_0 <0 " 0 , 0 0 +5

- 2Y Mip_or 3.4PN. .... "..... 0__ ,. 0 0 0 0 0 i"22 celiophane 1i1-1 :' O ,, _fO +150 0 ,' +10 +140 _:

23 ' Celloph.,_ne.f'il-2-._ 0' +5 , " +150 0 .+.5 +150

,. 24 o Fibr. S_aus. .....Casing (Visking) _ .'-'[5_ " 0" ,i20,, . '-5: .. 0 ._ . +9S ill
..25.': Ce,llophane PIJDO-300,. ,imprlg. ' "Test 8 no[,.complete, l
26" .' ,-Acropor WA ' ' .7'.. ,,: Tests not cpmplete, '_ . ', ' " " _.!

Le'gend: 0 denotes less_than-5_o chang6. : ....... i

":' Test's discontinued due to, sample ,detert,orat'ion. '_ [_' tl.L* ' " ' " "_'_ .x o 0
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I TABLE 9 (Cont'd)', 7

?

I % Dimensional Changes in 31% KOH at Z6°C :_ "]

14 days 21 days Z8 days

Length Width,' Thickness Length Width Thickness Length Width Thickness

1 _+5 *5 +170 _" ":" " * " _"
! z 0 .5 , +18o :o * +186 * "- * _

|_ : "3 -5 - +5 _'175 * * * "'_ * *
t

4 ':: -- +10 + 280 '_:. * * * * : ':"

_" : 5'" 0 +10 +160 0 +10 +160 0 ¥10 +160

7 0 +10: " +160 0 +lO +160 0 +10 -175
[
1 8 ....: ,(}'.... 0 +190 0 0 +1'90 . -10- 0 +200
" ": 9 "j" -5 0 +_180 -5 _5 '+180 -'5 +5 *200

.I_ "'I0 +5 _ +I0 , +I0 +5 _- +I0 +!0 "_5 _:" �€�*50
[_ II 0 0 +20, 0 0 +20 _ :0 0 +ZO

12. '" 0 " _ 0 +I0 : 0 " 0 +I0 0 0 +15

't" 13- _ 0 " O' 0 --- 0 0 _ 0 ':' " * +5

!4 0 0 +5 0 0 + 10" 0 0 -+30
15 Tests not complete. " ,, ,, -

[ 16 Test s not complet:e. -17 Tests not complete. -,,

.. 18 " 0 ,0 0 0 0 /.. 0 0 0 #I 19 0 " 0 +5 0 0 +5 " 0 0 +'15 ,,

:' 20 0 0 +5 0 0 +5 0 0 +15
z_ o o " ,_ o o o o 0 o -5-

22. 0 _+I 0 +140 0 +i 0 +140 ¢ ':" ' -_:". 23 0 +5 "+[50' '0 _ ",, '-" +150 0 *, +I_50
' 24 " -I0 0 '+95 -,I0 0 +95 " -I0 0 , +_110• \.

Z5 ,. Tests not compl_te. _, ,., 26 Tests-not comp],ete; '.
,z

i ' u

I o t .,
i
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TABLE 10
>

% Dimensional Changes in 31_/oKOH at 90°C /

70 hours .. 7 days__. '
Length Width Thickness-Length Width Thickness

2
2 :

1 Cellophane PUDO-300 -25 _-15 : +280 _ -25 +10 : +300
2 .Cellophane PUDO_-600 -Z0 0 .2_60 -25 ,0 .. _ +Z50 -'...
3 Cellophane-140-PUT 76 "_ - 15 0 (�x0 +200 , _ :

4 Cellophane (A'$isco) - 20 + 5 +33'0 -20 0 +30,0

5 ,CelloPhane (Avisc9) -15 0 +210 -15 +5 +_95 !,

6 Cellophane (Avisce) _ ,-_0 -5 +24Q * _' _*

_/ . Sausage Casing (Avisco) : -20 :+10 +250 _ -20 +5 +235

_5 Fibr. Saus. Casing (Avisco) -10 0 +220 -15: -5 +195 '

9 Silvered Saus. Casing ._ -10 0 +230 "--'15 -10 ��i
10 Permion 300 : .0 0 -10 0 0 -Z0

11 l_e-rmion 600 -5 + 10 +45 -10 + 5 +50 t :

12 AMFion C-60 ,,, O "- 0 " +5 0 0 +5' 1_
13 AMFion C-103 0 -0 0 0 0 0 _ ,

14 Poiypor WA " 0 -,0 +15 0 0 0 , i
15 PMA/Polyethylene Tests not complete.

16 PMA/Polyethylene Testssnot complete. _- .... :

17 PMA/Polyethylene - Tests not complete.

18 Mipor lZCN 0 0 +.15 - -5 0,. _ +5

19 Mipor 13CN ., O 0 '_15 -5 0 +10

20 Mipor 34CN --i5 . +I0 +35 -15 +5 +40 'I
21 _ , Mip0r 34PN "" : -15 +5 -15 -15 +5, _- +30 i

22 _Ce!lophane 111-1 (DuPont) " :5 +5 +260 -15 _ _'_ = ._230
23 Cellophane III-2 (DuPont) -I0 +5 - +120 -15 ' _:< +12,0 __i

24 Fibr. Saus. Casin_j (Vi§_king) ,.-15 - TlO. -421'0 -15 -15 +2-10 i_ _

25 Celi'ophane'PUDO-300, impreg. Tests not complete. _,
26 Acropor WA Tests_not complete. -, _ ]

-/
,J

.2

J

Legend: 0 denotes.)c,,s, than 5% change • " , :

• Tests-discontinued.. _ duo,to .sample. duterioration. - , - _ "i]
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_ TABLE I0 (Cont'd) r

-_- % Dimensional Changes in 31-7o KOH at 90°C

: ' Length Width ,Thickness Length; Width: Thickness _ : :

1 -Z5 + 15 +31e -30' "+5, +260
2 ' -ZO -5 +260 -30 - 25 " +Z80 . -- " " -.

3 .... '-ZO. -5 +ZOO_ - -25 -I0.. +170 ,_,,

i_ '4 :_- -Z5 0 +320 : -30 -5 +300 :. ':
- : 5 -ZO 0 �L* *

I , ; )2
7 , -Z5 * +300 ' - * ' * * ' '"
8 ' -15 -10 +Z40 -15.. -10 +170"_ / .... :, _..

9 : -ZO, -5 " +Z70 -15 +5 -, +170

I I0 0 '_ -,-.5 = +ZO 0 "'•....+5 0 _ "J ',
• 11 -10" 0-- .+36 .. -1.0 -5 . +ZZ

IZ- 0 '-' 0 0 0 0.'" 0 ., " "

.i 4 .-. . 0 0 :',, . , _
15 Tests not complete. /"

I _ 16 Tests not com p,lete,
17 Tests not complete. "-,.

18 -10 0 +5 _ .-.15 0 ._+Z5

1 "19 - 20 02' _ 20 ...... 25-- '0 + I 0 r

,:,- 20 " .,-' ., _, 5 +45 * ':'
21 - 20 : ,:: +90 " * * ' '-*

" , c'
2 Z ,:, ,:, -+ZZO * * *

23 _ -15 *.. +110- - *_ * _ * _. --

% 24 .. -20 -15 +ZOO *" , * * "'1 ....25 Tests not complete. '"

26 Tests not complete. _ _ ,

• j

%

k'
J

s ,,
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